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ABSTRACT
Title of Dissertation

: Ocean Energy Overview, Feasibility Study of Ocean Energy
Technology Implementation in Indonesia

Degree

: MSc

One of the promising renewable energy options that has abundant resource is
ocean energy. It has a significant role for the future energy system that contributes
to carbon emission reduction and improves the economic growth in coastal areas.
A lot of barriers and challenges need to be overcome as regards exploring all the
benefits of ocean energy for instance, ocean energy technology readiness,
environmental issues occurring due to installation, market establishment, and legal
framework.
Indonesia, an archipelagic country in tropical South-East Asia, is considered as one
of the countries with the most ocean energy potential. Indonesia has an area of
two thirds covered by ocean and the length of coastline is 54,716km. Practically,
Indonesia has a total ocean energy potential, a combination of ocean thermals,
waves, and tidal currents, around 216GW. Even though with these statistics
Indonesia could light up the world with electricity produced by the ocean,
Indonesia has still not been able to maximize its ocean potential.
The objective of this research is to explore the potential of ocean energy technology
application from waves, tidal currents, and ocean thermals in Indonesia. It will give
overview for this topic including the economic and technical feasibility of
implementing ocean energy projects in East Nusa Tenggara, Indonesia. Thus, the
result of this study will determine the best possible ocean energy technology to
adapt and several barriers need to overcome for the implementation in Indonesia.
KEYWORDS

: Energy, Ocean, Wave, Tidal, Current, OTEC.
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1. Introduction
1.1. Background
For thousands of years the world has relied on fossil fuels as the primary energy.
Currently, 84% of total energy usage in the world comes from fossil fuels, where oil,
gas, and coal dominate (IRENA, 2017). All those resources lead to a heavy
concentration on air pollution and Green House Gas (GHG) emission, which
contribute towards the greatest challenge, ie climate change. It triggered global
warming and it has already given severe impacts on the environment. To respond to
this global threat, the Paris Agreement in 2015 set a climate goal to limit the
temperature increase to well below 2°C above preindustrial levels. Every party signed
the Paris Agreement pledges and their commitment with their National Determined
Contributions (NDC) to initiate the emission decline (UNFCCC, 2015). Around twothirds of GHG emissions results from energy production and usage, which places the
energy sector as the main topic of efforts to tackle climate change (IRENA, 2017).
Another issue from fossil fuel is that there is only a limited amount of resources
available, while the world energy consumption trend is increasing year by year. It is
expected that the world energy consumption will increase from 57 quadrillion BTU in
2015 to 663 quadrillion BTU by 2030 and will jump to 736 quadrillion BTU by 2040
(EIA, 2017). The more energy is demanded, the more cost it is for usage. There should
be an alternative energy besides fossil fuel as a substitute, especially in the electricity
generation sector where it consumes the most energy usage with a 65% share. The
remaining 35% goes to transport, infrastructure and heating (IRENA, 2017).
The inability to reach the required electricity demand and gas or oil price escalation
can be understood as a critical energy security risk. In order to respond to both
environmental and security risks, the renewable energy is considered as the best
alternative solution for the future (Mueller, 2014). Renewable energy is regarded as
an unlimited supply of natural resources with a much lower impact on the
environment, for instance, solar energy, wind power, ocean energy, and so on. To

supply all of the energy demand in the world, further research and development are
needed in the renewable energy sector. The number shown in EIA 2016 reference
case, renewable energy is the fastest growing source of electricity generation for
nearly 29.2% in 2040. Even though it sounds promising, fossil fuels will still dominate
the global electricity market with 58.5% in 2040 (Melikoglu, 2018). In addition, the
United Nations are willing to address this issue with the sustainable and clean energy
implementation in their 7th Goal within their SDGs agenda. One of the Goal 7 targets
is to increase the share of renewable energy in a global energy mix (United Nations,
2015).
1.2. Ocean Energy as Renewable Energy Solutions
One of the promising renewable energy options that has abundant resource is ocean
energy. A recent study shows that the theoretical annual potential of ocean energy
is estimated between 4 and 18 million toe per annum (Derakhshan et al., 2007). It
also has global deployment potential in about 337GW and can produce electricity
over 885TWh annually (A de Andres et al., 2017). Another study also states that the
global ocean energy could reach up to 32TW (Wahyudie et al., 2017). These big
numbers resulted from various forms of ocean energy. According to Esteban and
Leary (2012), ocean energy comes with six types, namely tidal range, tidal current,
ocean wave, ocean current, ocean thermal energy and salinity gradient. Thus, ocean
energy has a significant role for the future energy system. It will contribute to carbon
emission reduction and also improving the economic growth in coastal and
specifically remote areas. It has attracted a lot of interest to improve the technology
and maturity of the energy (IRENA, 2014a). In this paper, the focus will be on tidal
currents and ocean waves, which already represent a significant source of electricity
in developed country (Uihlein, 2016). In addition, this study will also discuss OTEC
feasibility due to the case study relatability. A lot of barriers and challenges need to
be overcome as regards exploring all the benefits of ocean energy for instance, ocean
energy technology readiness, environmental issues occurring due to installation,
market establishment, legal issues, and the availability of grid connection in some
remote areas (Magagna & Uihlein, 2015).
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1.3. Indonesia and its Ocean Energy Potential
Indonesia, an archipelagic country in tropical South-East Asia, is considered as one of
the countries with the most ocean energy potential. Indonesia has an area of two
thirds covered by ocean and the length of coastline is 54,716km. Theoretically
Indonesia has a total ocean energy potential, a combination of ocean thermals,
waves, and tidal currents, about 4,676GW and a practical potential of around 216GW
(ESDM, 2017a). Even though with these statistics Indonesia could light up the world
with electricity produced by the ocean, Indonesia has still not been able to maximize
its ocean potential. According to IRENA (2017), Indonesia is among the world’s fastest
growing nations in energy consumption. The population increase of the economic
development triggered the growth. Indonesia’s energy proportion in South-East Asia
is the highest, around 40% of the total energy. The energy consumption increased by
nearly 65% in the period 2000-2014 and is projected to be 80% in 2030. Moreover,
the electricity consumption in Indonesia will triple by 2030. It should be noted that
10% of the population still experience a lack of electricity today. These numbers lead
to motivation why Indonesia need an alternative source of energy.
Based on these facts, Indonesia through the Ministry of Energy and Mineral
Resources, under the Director of Renewable Energy made a roadmap about the
future energy, including their plan to utilize the ocean energy, specifically in waves,
tidal currents, and ocean thermals. Presidential Decree number 22 2017 described
the Rencana Umum Energi [National General Plan of Energy] (RUEN) with the
purpose of ocean energy development for energy independence and energy security
in Indonesia. These two strategies should be considered for both large and small
scale. Large scale is required to fulfill the whole national energy target and small scale
is to expand the access of energy to the remote areas, border areas, and the small
islands in the outskirt of Indonesia. The energy development cannot ignore the
improvement of the national industry in the energy sector (ESDM, 2017b). However,
this ideal roadmap implementation is quite far from the reality. A thorough analysis,
including economic, environmental, and social aspects of ocean energy
implementation in Indonesia is strongly recommended.
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1.4. Objectives and Research Questions
As specified by the background, the objective of this research is to explore the
potential of ocean energy from waves, tidal currents, and ocean thermals in
Indonesia. It will give overview for this topic. Furthermore, there are four research
questions to operationalise as follows:
i. What is the current status of ocean energy and its implementation across
the globe?
ii. What are the main barriers of ocean energy application and its impact on
society and environment?
iii. How is the implementation of ocean energy technology in Indonesia viable
from technical and economic viewpoints?
iv. What are the main challenges for effective implementation of ocean energy
technology in Indonesia?
1.5. Scope of Study and Methodology
This study about ocean energy focusing on waves, tidal currents, and ocean thermals,
as part of Indonesia’s roadmap in ocean energy. In this research, the information and
data will be gathered through literature review. The literature review includes
academic journals of ocean science, annual reports, statistical data from the
international agencies and non-governmental organizations (NGOs), such as
International Renewable Energy Agency (IRENA), World Energy Council, U.S Energy
Information Administrative, and International Energy Agency (IEA). Moreover, a great
deal of information and data from the Ministry of Energy and Mineral Resources of
Indonesia (ESDM) and the Ministry of Research and Technology (BPPT) will be added
as supporting sources for the research.
For the case study, the scope of location is specified in the remote islands of
Indonesia with low electricity ratio for ocean energy technology implementation. This
study does not analyse the ocean parameter from the observation data on the field
nor from the result of ocean modelling calculation. It is asses the feasibility of
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implementation through the economic, environment, and social viability along with
the supporting national regulations.
In addition, there will be economic calculations using the Monte Carlo simulation for
the project appraisal. The Monte Carlo simulation will generate thousands of series
representing potential outcomes of the economic calculation included in each
parameter. The parameter included in the analysis will be based on the Net Present
Value (NPV), payback period approach, Internal Rate of (IRR), and Levelized Cost of
Energy (LCOE). The calculation will be conducted on each scenario from wave energy
converter, tidal turbine, and ocean thermal energy conversion.
1.6. Structure and Organization
In pursuance to accomplish the objectives of this study, the dissertation is organized
into the following sections: Chapter 1 introduces the background of the study and
objectives. It also includes the methodology and limitations. Chapter 2 provides a
literature review regarding fundamentals of ocean energy, including wave, tidal
current, and ocean thermal energy. This chapter also explains the potential
characteristics of each source and where it stands in today’s market of renewable
energy. Chapter 3 presents the barriers of ocean energy as well as the impact analysis
regarding the technical, environmental, social, and economic aspects from ocean
energy technology. Furthermore, Chapter 4 discusses the feasibility study of
implementing ocean energy in Indonesia. This case study focuses on remote islands
that have a low electricity ratio. After examining the current status of Indonesia, a
full picture of Indonesian island characteristics is presented. Then, the potential
resources of ocean energy in Indonesia will be examined. Concerning the cost
structure and the whole project appraisal, the calculation is made from each scenario
of technology where economic viability will be focused on for further analysis. In
addition, thorough analysis of this case study allows us to understand the barriers
and challenges to implement ocean energy. Chapter 5 concludes a techno-economic
and a decision-making analysis through the previous case study. In this chapter,
conclusion is drawn from a full overview of analysis. Thus, it provides the main source
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of recommendations for the government or stakeholders in terms of further ocean
energy implementation.
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2. Global Overview of Ocean Energy
This chapter describes the basic knowledge of ocean energy. Ocean energy can
generally be generated from five different sources, ie tidal range, tidal currents (tidal
stream), waves, temperature gradients, and salinity gradients (Meikoglu, 2018).
However, this research limited to the selected ocean energy, such as wave, tidal
currents, and ocean thermals energy, highlighted by the national objective of
Indonesia on the Presidential Decree number 22 2017 about the RUEN (National
General Plan of Energy).
2.1. Wave Energy
The first source of ocean energy to be discussed is wave energy. The potential will be
described first, then the specific technologies applied up to now and the
development condition around the globe will be derived.
2.1.1. Wave Energy Potential
Ocean wave energy has an abundant source of renewable energy with periodic and
predicted characteristics (Alamian et al., 2017). The waves are created by the wind
blowing on top of the ocean surface (ripples) and propagate over the deep water with
minimum energy loss and continue to gain energy from the wind within the vast open
ocean (swells). The formation of wave energy is influenced by the duration, fetch,
and wind speed (BOEM, 2017). Energy could be extracted from the surface of the
waves or from the gradient of pressure under the surface. It has been tested that
ocean waves could generate 2TW of electricity (Energy, 2013), and according to an
IRENA report, the global theoretical wave energy potential reached 29,500TWh per
annum (IRENA 2014b). As can be seen in Figure 1, the biggest amount of wave energy
lies between latitude 30°-60°. Although wave energy is affected by the season, where
higher wave condition occurs during the winter than the summer in most locations,
wave energy is considered to have good predictability. Waves come up 24 hours day
and night, and the sea state has more inertia than solar or wind conditions, with
minimum risk of sudden change in resource availability (IRENA, 2014b).
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Figure 1 Wave Power Energy Map (Huckerby et al., 2014)

In the US, electricity generation from waves could create more than 1170TWh per
annum, which is one third of the electricity used in there each year (NREL, 2016). In
another study, the UK’s theoretical wave energy has a potential up to 69TWh/year
(The Crown Estate, 2012) and according to Carbon Trust’s practical study it is about
50TWh per annum (Carbon Trust, 2011). In addition, South America, north-west of
North America, Australia, south coast of Africa, and west Europe have high-density
wave with maximum potential capacity up to 90kW per meter or coastline (Younesian
& Alam, 2007). Based on this information and studies, several technologies have been
developed to use waves as electricity production resources.
2.1.2. Wave Energy Converter
Even though ideas for wave energy conversion have been circulated for some time,
a serious approach began in the 1970s. Th extraction of waves as energy is proven to
be quite challenging in technical and cost aspects. It is only recently, the development
started to generate full-scale prototypes to demonstrate the whole potential (Cruz,
2007). Several wave energy converters (WEC) have been developed all across the
world because of the increasing interest in wave energy (Letternmaier et al. 2017).
The WEC consists of two steps: the first is converting wave energy into mechanical
energy and next mechanical energy is converted to electrical energy through a
generator (Kim et al., 2017). In a more specific way, the main working principle is
started when wave energy is converted into a high-pressure hydraulic motor which
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is connected to an electric generator. The Power Take Off (PTO) acts as the
mechanism when the energy is transferred from waves to the WEC and directly into
the designated form (Do et al., 2017). In the previous century some WEC with
different PTO systems were developed. They included hydroelectric components,
linear electromagnetic motors, and air turbines (Liang et al., 2017).
There are nearly 80 WEC technologies and systems until now. They could be grouped
into four categories: attenuators, overtopping system, point absorbers, and
oscillating water columns, which are explained below (Alamian et al., 2014; Do et al.,
2017; Meikoglu, 2018).
i.

Attenuator: This is parallel adjusted systems facing the incident wave and
gradually generates energy from it. The attenuator uses hydraulic rams to
drive the generator as can be seen in Figure 2, a project of Pelamis EMEC as
an attenuator example, which become the first attenuator project starting in
the UK. The Pelamis operates in water depths greater than 50m and it consists
of a semi-submerged cylindrical part linked by hinged joints. As waves pass
along, the sections will move against each other. The wave-induced energy is
resisted by the hydraulic cylinder and the hydraulic motors drive electrical
generators to produce electricity. The electricity is connected to onshore
facilities with an umbilical cable (Legrand, 2012).

Figure 2 Attenuator Working Principle (Augustine et al. 2012)
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ii.

Overtopping systems: This is a system using barrier over the wave, then the
overtopping water is entrapped in a reservoir. Energy is extracted as the
water captured is allowed to drain back to the sea through a number of lowhead turbines located within the reservoir that generates electricity
(Soleimani et al., 2015). One of the major devices of the overtopping systems
is the Wave Dragon, a floating hydroelectric dam where in the middle of the
unit is a floating reservoir. Two reflector wings focus on the power of
oncoming waves, which continue through the curved ramp and into the
reservoir. The water returns to the sea involving a series of low-head turbines.
The Wave Dragon for demonstration purposes was already applied in Wales
for 7MW prototype, and the 50MW array is still in the middle of preparations
in Portugal (Alamian et al., 2014).

Figure 3 Wave Overtopping System Working Principle (Augustine et al., 2012)

iii.

Point absorber: This technology should be installed in a large array due to its
size compared to other technologies using incident wavelength (Noad &
Porter, 2017). The point absorber utilizes a floating buoy that absorbs the
energy from the motion caused by waves as illustrated in Figure 4. It can
absorb energy from all angle of directions through the movement of the
buoys on the surface. The movements of buoys convert the energy into
electrical base and the PTO may take a number of forms depending on the
settings of the reactors. The Aqua Buoy in Canada, OPT Power in USA, and
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Archimedes Buoy in Scotland are some examples from point absorber
technologies (Alamian et al., 2014).

Figure 4 Point Absorber Working Principle (Augustine et al., 2012)

iv.

Oscillating Water Column (OWC) is made of a partially submerged structure
which is below the water line and encloses a column of air on top of the
column of water. Waves will push the water column to rise and then pull
down, which makes the air column compressed and decompressed. The
trapped air is allowed to flow into the atmosphere via a turbine. The rotation
of this turbine creates electricity power. It is estimated these OWCs could
generate power between 15 and 25KW/m per year. The Mighty Whale, the
Osprey, and the Oceanlink are some example set for OWCs (Alamian et al.,
2014). According to Liu (2016), the OWC systems have the highest chance to
be commercialized amongst other types of WEC.

Figure 5 Oscillating Water Column Working Principle (Augustine et al.,2012)
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2.1.3. Wave Energy Converter Projects and Developments
For ongoing developments, Sweden has begun the construction of wave energy array
at Sotenas. It is one of the largest commercial wave energy arrays in the world. The
first phase, 1MW (34 units), was already completed in early 2015. The Second Phase
will be up to 9MW and is still under the negotiation within 2017-2018. They have also
installed a wave energy project in Ghana with 6 devices providing 400KW of
electricity. In addition, Carnegie from Australia also demonstrated their precommercial projects with their 3 devices rated at 240KW on Garden Island. Several
demonstration projects are taking place as well in the UK, Korea, Denmark, Canada,
Spain and the US. Meanwhile, for the forthcoming developments, there are 838GW
of wave energy arrays at different stages of development. Based on Figure 6, the UK
will take the lead for the future development in wave energy with several major
projects including the UK’s set of WaveHub 10-15MW array. After the loss of
Aquamarine Power and Pelamis, Scotland developed Wave Energy Scotland that has
£10m between 2014 and 2017 to boost the wave energy projects. This policy by the
government did not rely on the private sector which is unlike any others because it
was a big burden for ocean energy technologies to match the funding from the
private sector (WEC, 2016).

Figure 6 Wave Energy Installed Capacity in Development (OES, 2016)
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2.2. Tidal Current Energy
The second ocean energy resource is tidal current or tidal stream. It is one of the
hottest topics in some archipelagic countries, such as Indonesia. The potential will be
covered by the basic definition and the update of technology know-how will be
discussed along with the current developments and upcoming plan from developed
countries.
2.2.1. Tidal Current Potential
Tidal energy is a renewable energy that harnesses the gradient between high and low
tides and used for generating electricity. Tidal energy appears in two forms, tidal
potential and tidal current energy or tidal stream (Polis et al., 2017). There are
different technologies for each form, and this study only cover the tidal stream due
to the study objective.
It is commonly known that many renewable energies have an intermittent pattern.
Tidal currents are an exception because the highly predictable energy source (Chen
& Liu, 2017) is generated by the astronomical oscillatory gravitational forces, and also
the sinusoidal characteristic of tidal current makes an advantage over other
renewable sources such as solar, wind, and waves (Marta-Almeida et al., 2017). Tidal
energy has high load factor as well because the power comes directly from the
moving water. This is quite similar to wind. Although it moves slower than wind, the
density is nearly 800 times denser and it generates a huge amount of power. Thus,
tidal current with its high reliability has become a hot topic for research at academic
and industry levels (Sheng et al., 2017).
The tidal current energy potential is located in areas with great tidal range. This
potential increase depending on the local topography, such as the narrow straits
between islands where the water depth is relatively shallow. It is not easy to
determine the global potential since it depends on local area configuration but
Charlier and Justus (1993) estimated that the theoretical total tidal energy (including
tidal range and tidal current) is at 3TW with 1TW located in shallow waters. In
practice, the suitable location requires average spring peak tidal currents that are
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faster than 2-2.5m/s in order to gain enough energy density that is good for the
viability of the projects. In addition, IRENA through its Global Atlas for Renewable
Energy delivered a map of tidal current potential using NOVELTIS with 7km
resolution, as illustrate in Figure 7. Pacific Asia tidal current potential is cropped from
the map. NOVELTIS build the tools to identify the most well-known sites to develop
tidal energy projects (IRENA, 2018).

Figure 7 Screenshot of Tidal Current Energy Map on IRENA Global Atlas (IRENA, 2018)

2.2.2. Tidal Current Turbine
Tidal current devices convert kinetic energy from the flowing water. There are
numerous types of turbines; the one that is commonly used is the Horizontal-Axis
Turbine. It is similar to a wind converter, only the size is different because of the
viscosity of air and water, as shown in Figure 8. It takes advantage from the lift of the
tidal flow and forces a rotation move to the turbine held in horizontal position. This
operation uses a rotor and generator to convert mechanical energy to electrical
energy (WEC, 2016). The Horizontal-Axis Turbine will have a lot of advancement,
approximately ¾ of research and development is on this design rather than the
others. The wind industry that has been more mature affects this condition and the
most efficient technology is needed (Corsatea & Magagna, 2013). Tidal current device
must be designed to fully adapt in high density and in different characteristic of the
ocean environment, as well as being accountable for preventing cavitation, corrosion
or fouling (Lewis, 2011).

14

Figure 8 Comparison between Wind Turbine and Tidal Current Turbine (BPPT, 2018)

According to Magagna and Uihlein in 2015, in addition to the Horizontal-Axis Turbine,
there are various technologies, such as
i.

Vertical-Axis Turbine: The same principle as with the horizontal-axis, it utilizes
the lift of tidal flow to force the rotation, but mounted vertically.

ii. Oscillating Hydrofoil (Recripocating Device): Oscillating Hydrofoil exploits a
hydrofoil placed at the end of a swinging arm, and it oscillates in pitching
mode by a control system. The movement is used to pump the fluid through
a motor, creating a rotational move that will convert electricity from the
generator.
iii. Ducted Turbine: This is basically the same as the horizontal-axis turbine and
complimented within a venturi duct. It is designed to concentrate and
accelerate the flow.
iv. Archimedes Screw: It is the variation of the vertical-axis turbine where the
power is drawn from the tidal current as the water is running up through the
helix.
v. Tidal Kite: Tidal kite devices operate with a tethered kite with a small scale
turbine. The kite will be afloat with the flow and will increase the relative flow
velocity that will enter the turbine.
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Figure 9 A. Horizontal-Axis; B. Vertical-Axis; C. Oscillating Hydrofoil; D. Ducted
Turbine; E. Archimedes Screw; F. Tidal Kite (Aquaret, 2012)

The tidal current energy device requires a support structure to keep it safe from the
harsh condition of the sea. The choice of structure depends on various aspects, for
instance the depth, seabed condition, and availability of supporting vessels to help
the logistics in the infrastructure (IRENA, 2014). There are three categories of support
structures: the first is the gravity structure that connects the technologies directly to
the seabed. The second is piled structures, in which one or more beams are drilled
into the seabed. The last is the floating foundations which are connected to the
seabed by chain, anchor, or flexible wire (O’Rourke, Boyle, & Reynolds, 2010).
Additional consideration in this project is the array formation of the turbine and the
electrical connection to shore. The array formation of the turbine in this project is
not clear yet and is still in the feasibility study phase. Bad formation could affect the
current flow and the effectiveness of the turbines. Moreover, the grid connection has
to be analyzed as well. Turbines need to be connected to each other through cables,
and then the cables will connect to offshore substations, export cable, and then
deliver it to onshore cable plus the grid. These three aspects including the support
structure could determine the performance and costs of tidal current power plants
(IRENA, 2014).
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Figure 10 Tidal Current Energy Design and Modification (Struktron, 2017)

2.2.3. Tidal Current Turbine Projects and Developments
One of the very first tidal current power plants pioneered by UK’ Peter Fraenkel in
South Sudan in the 1970s, where his vertical axis generates 2-3KWh for 50 m3 of
water per day. Fraenkel then developed a 15KW power plant in the Bristol Channel,
known as the world’s first large-scale and grid connected tidal current power plant
(Whittaker, 2011). The UK is considered the only pioneer in this technology and was
followed by others, such as Ireland’s Open Hydro (2006) Australia’s Atlantis
Resources (2006) and the Netherland’s Tocardo (2008). However, some of these
developments have been delayed because of the slow economic growth from this
technology. It caused the public and private funds withdrawing from several projects.
Some technology could not prove their initial cost-effective plan (WEC, 2016).
Today, 4.3MW of commercial tidal current power plant have been installed and one
of the largest is SeaGen in Strangford Lough, Northern Ireland. There is also one
major project still under construction located north of Caithness, Scotland. It is the
largest with 6MW MeyGen1, the world’s first commercial tidal stream array using
three Andritz Hydro Hammerfest HS1500 turbines and one Lockheed Martin Atlantis
AR1500 turbine. In conclusion, recent updates of the UK developments are shown in
Figure 11 (OES, 2016).
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Figure 11 Tidal Current Turbine Development (OES, 2016)

With their great potential in tidal developments, the forthcoming development in the
UK is quite ambitious. Atlantis MCT already set 2 major schemes, 10MW Anglesey
Skerries in Wales and the 8MW Kyle Rea in Scotland. In addition, there are some
project still in agreement, for instance the 10MW array of 9 devices rated 400KW set
up in St. Davids Head, Wales (Harris, 2016). The technical readiness of tidal current
energy is quite high in the UK. It is not only because the number of projects invested
in the UK but also the developers and the manufacturers in tidal energy rose as well.
The tidal current energy market is slowly shaping up with around more than 100
companies in the world. The UK has the largest number of companies indulge in this
matter. The tidal current energy market surely could maintain the engagement with
all the supply chains, and it could create a cost-reductive way to develop this
technology (Magagna & Uihlein, 2015).
2.3. Ocean Thermal Energy
The last resource is the ocean thermals of temperature gradient energy is also a
known technology. This is one of the biggest potentials compared with other
resource mentioned above.
2.3.1. Ocean Thermal Energy Potential
Theoretically, in every day around 60km2 of tropical sea absorbs 1 quadrillion
megajoule of solar energy. It has the same amount as 170 billion of oil barrels (Holt,
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2007). The energy from sunlight is concentrated in the upper layer and drops
exponentially with the depth as the low thermal conductivity of sea water. The
geographical location is important for ocean thermal energy since it needs a
temperature gradient of at least 20°C. It means there are only limited countries with
a long time period of sunlight that could develop ocean thermal energy (Tanner,
1995) as can be seen in Figure 12. Even if the ocean thermals have the potential of
the annual generation reaching out for around 10,000TWH and is the biggest
potential in the ocean compared to tidal or wave energy, the energy density of the
existing technology is quite low compared to other renewable sources. It represents
one of many challenges in utilizing ocean thermals (WEC, 2016)

Figure 12 Global Ocean Thermal Energy Potential (Huckerby, 2011)

2.3.2. Ocean Thermal Energy Conversion (OTEC)
Basically, OTEC converts the solar radiation to electric power through the sea as heat
storage. OTEC works with the thermodynamic principle, using the thermal gradient
between the high-temperature water from the surface and the low-temperature
water from a certain depth in order to obtain a heat engine. By the difference of 20°C,
an OTEC system can produce a significant amount of power (Bechtel & Netz, 2010).
The deeper layer of the sea around 800-1000 m of depth has an average temperature
of 4O°C; therefore, some tropical regions with a surface temperature of 25°C are
suitable for OTEC implementation (CSIRO, 2012).
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The interesting part of OTEC lies in the continuity basis to produce electricity. The
capacity factor of OTEC reaches 90%, which means that OTEC electricity production
is very reliable and predictable. It is the highest number compared to other types of
technology. Even though the efficiency of the Carnot Cycle is only maximum at 7%, it
does not give any impact to OTEC because the fuel was considered as free. In
contrast, the operational challenge occurs in the requirement to pump a large
amount of seawater. For instance, 100MW OTEC plants need huge pumping pipe
infrastructure to operate continuously, carrying about 750 tonnes per second of
water flowing through the system (DOE, 2012). In 1970 the project of OTEC started
to develop (IRENA, 2014). One of the latest and successful projects of OTEC is located
in Hawaii by Makai Engineering. They built an onshore infrastructure with a closedcycle system. The summary of different systems, namely, closed-cycle, open-cycle,
and hybrid, are presented as below:
i.

Closed-cycle System
The closed-cycle system generates warm seawater to pass through an
evaporator and vaporizes the working fluid, so for this case Makai uses
ammonia. The ammonia will go through a turbine and turns the generator to
make power. The lower pressure vapor leaves the turbine and is condensed
by the cold seawater from the depth that has been pumped up. The ammonia
leaves the condenser and is pumped to the evaporator to rerun the cycle
(Makai, 2017).
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Figure 13 OTEC Closed-Cycle Scheme (Makai, 2017)

ii. Open-cycle System
The warm water on the surface is flash evaporated in very low-pressure
condition and the vapour will be used to drive the generator. The vapour is
condensed using cold water pumped from the depth to complete the cycle.
This system could generate desalinated water (Kempener & Neumann, 2014).
iii. Hybrid
Electricity generated at first used a closed-cycle system. Then, instead of
discharging the warm seawater, it was evaporated using the open-cycle
system and later condensed with cold water (Kempener & Neumann, 2014).
According to Makai (2017), OTEC is believed to be one of the most attractive solutions
in the future with some advantages. First, is the sustainable resource where solar
power and the ocean as the storage with 24-hours of production with an immense
amount of power. It is unlike any other renewable energy. Second, is the dispatched
Power. OTEC power can be ramped up or down in a matter of seconds to balance the
fluctuating power from any other renewables energy. Next, is the clean energy. OTEC
is considered to be a very clean alternative energy because the environmental risk is
very low.
OTEC also believed to be multi-functional with another usage. It is scientifically
analysed that beside power generation, OTEC could be used as fresh water
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production from its water waste. It is very suitable in coastal areas where there is
freshwater shortage. Moreover, marine farming will improve because the rich
nutrients and the cold temperature from the depth are pumped up above. It could
open a breakthrough for commodities of aquaculture (Tanner, 1995). In addition,
Makai suggests in their research that OTEC could also benefit from Seawater Air
Conditioning, LNG liquidification, steel or iron ore mills, food and beverage
processing plant, petrochemicals, desalination, and shipboard cooling
However, the problem from this advanced technology is the high capital cost to build
the infrastructure of a heat exchanger and turbine, pipes. OTEC experts believe
private sector firms will not be interested to invest in such enormous costs to build
the large-scale plants until the price of fossil fuels increase dramatically or until there
are some incentives from the government as an economical scheme to fill in the gap
(EERE, 2013).

2.3.3. OTEC Projects and Developments
For current progress, the pre-commercial projects are ongoing including in Goseong,
Korea, where a 200KW plant was finalized by the Korea Research Institute of Ships
and Ocean Engineering (KRISO). Makai Ocean Engineering, Hawaii completed its
construction as well in 2015, a 100KW closed-cycle OTEC plant. It could provide
sufficient power to light up 120 homes. Makai has a plan to develop another much
larger 100MW offshore OTEC plants on the same site. Moreover, Japan opened its
account in OTEC starting with the 100KW pilot plant in 2013 on Kume Island,
Okinawa.
Despite the huge potential, OTEC has only several planned projects compared to
other kinds of ocean energy for the forthcoming developments. According to OES in
2016, in total 25MW of the schemes are at the early planning stage. DCNS led the
project of two French schemes that will be adopted in the Caribbean Island of
Martinique for 15MW. A 10MW planned by the Philippines in the South China Sea
and a small scale 0.1MW scheme prepared by the Netherlands’s Bluerise in the
Caribbean Island of Curacao. Furthermore, China with their 10MW plan at the early
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concept phase will be located off Hainan Island. Based on the current developments
at an early stage, very little capacity is expected from OTEC to come up in the near
future (WEC, 2016).

Figure 14 OTEC Developments (OES, 2016)
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3. Barriers to Ocean Energy Technology
Based on what was discussed in the previous chapter about the ocean energy
technology concept, there are several barriers that need to address. Four hurdles
determined by IRENA regarding the ocean energy technology are shown in Figure 15.
The challenge starts from the technology design that will generate reliable power
with enough competitiveness and cost-effectiveness. Then, the environmental and
social impact will analyse the acceptance of the project and lastly the infrastructural
practicalities that will answer the necessary enablers in place for roll out. Although
the figure seems linear, the interconnection and iteration between them will be
important as well.

Figure 15 Key Hurdles to Overcome (Adopted from IRENA, 2014)

3.1. Technology Challenge
The challenges in technical areas mean there are some parts that need to be
improved. Figure 16 shows the technological maturity for each resource. Most of
these technologies are still in a pre-commercial phase. Based on these DNV-GL data
listed in IRENA (2014), OTEC is still categorized in the pilot-project phase, meanwhile
wave energy is already in the demonstration phase and nearly in the deployment,
and tidal stream which have been categorized as developed but are still not in the
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commercial phase. There are several things that need to be addressed including
resource mapping and design innovation from the technologies.

Figure 16 Ocean Energy Technology Maturity Level (DNV-GL on IRENA, 2014).

3.1.1. Resource Mapping
An ocean energy feasibility study starts from the availability of the oceanographic
data. The resource is still typically lacking. Even though several developed countries
have already applied the research policy to do resource mapping at the national level
such as Canada, the US and the UK, some of this mapping is in low resolution. Some
global data could give an overview of the energy potential, as discussed in Chapter 2.
However, implementing ocean energy is a local-based project. This barrier needs to
be overcome since the industry has to know the local characteristics of the water
with high resolution, in order to sharpen the feasibility study and improve the
understanding of the projects. Resource mapping is the biggest challenge for
developing countries mostly due to the high-cost to do a field survey or data
collecting and some countries have a vast area of ocean that needs to be mapped.
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3.1.2. Design Innovation
The device and system of ocean energy have to reach the reliability, survivability, and
instalment ability due to the extreme condition load of the marine environment, not
only the device but also the arrays and system understanding. There is limited
experience in array deployments caused by the lack of ocean energy practical
demonstration. This limited experience affected the unknown risk of ocean energy
technology.
In consequence of the device and system barrier, there are several dimensions in
ocean energy technologies that require to be considered, that are, (i) Structure and
Prime Mover; (ii) Foundation and Mooring; (iii) Power Take Off; (vi) Control; (v)
Installation; and (vi) Connection; which can be a cost reduction potential (SI Ocean,
2013a).
i.

Structure and Prime Mover: The structure and the prime mover contribute to
31% of lifetime cost for wave and 13% for tidal energy. Survivability in this
part is important and manufacturers try to find a way to improve the
robustness and reliability of the physical structure of the device and the
power take off equipment. The materials are made mostly from steel,
although many researches are still exploring alternatives. Alternative
materials could offer a significant cost reduction potential. Moreover, design
margins could decrease when the manufacturers already gain more
experience in operation.

ii.

Foundation and Mooring: This is important for installation, which takes 6% of
lifetime cost for wave array and 14% of lifetime costs for tidal array.
Foundation or mooring between each device in array are economies of scale
available. Foundation or mooring cost is high in lifetime proportion and cost
reduction potential in mounted tidal or wave is significant.

iii.

Power Take Off: The mechanical energy works to extract the source of energy
and convert it to electricity, which costs 22% of lifetime cost for wave and 10%
for tidal array. Several types of PTO, such as permanent magnet generators
are being considered by manufacturers to eliminates the need for gearbox
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and transmission losses. Most likely in the near future cost reduction will be
from PTO.
iv.

Control: This is the software or system to take a secure control of the devices
and to optimize the operating conditions. Continued development is
underway to give improvement of the interaction between device and the sea
parameter. For tidal turbines the blade control system improvement could
lower the lifetime cost, as already discovered in wind turbines. While in wave
energy the control system that can adjust the device with the changing wave
could maximize the output.

v.

Installation: It includes the logistic and method of ensemble for the device on
the location including the vessel and equipment to be deployed. It cost 18%
in wave and 27% in tidal array. The high proportion on tidal turbine reflects
the challenge of installing foundation and the device in such environment
with fast tidal currents. The rent of vessel contributes the highest in the
installation phase. Specific technology in drilling and logistics is needed, as it
is one of the biggest chain supply challenges in ocean energy technology.

vi.

Connection: This part involves the device and the electricity produce from
generator output to the grid/network. This electrical connection makes up
about 5% for both tidal and wave array. The cost reduction potential is not
much here based on the current technology. One of the possible reductions
is the high voltage cables. Offshore cabling in this part will make the
difference and much of the learning is needed in this industry.

Through these 6 dimensions which were mostly included in Wave Energy Converter
or Tidal Current Turbine, the device and equipment design could be improved. It
surely needs interdisciplinary studies to maximize the improvement possibilities.
3.2. Economic and Market
Since technical concepts have been covered and proven, the main concern is how do
the cost and risk of ocean energy technologies compete with other technologies in
the market? Meanwhile, the government would only choose the least cost and risk
options to achieve decarbonization for their national interest. The competitiveness
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barriers could be measured by the cost and risk characteristics of ocean energy
technologies.
3.2.1. Levelized Cost of Energy
To measure the levelized Cost of Energy, both capital and operating cost and the
cumulative energy yield must be considered as display below on Figure 17. The
discount rate is included to account for the time bound value of money by presenting
the present value or future cost. The capital cost concluded the equipment cost,
installation, and project management cost in the beginning of the project.
Meanwhile, operating cost is spread on the lifetime of the technology array. It could
be maintenance, operation cost, and insurance. For annual energy production is the
cost per KWh that will depend on the amount of electricity generated from the
technology (SI Ocean, 2013).

Figure 17 LCOE of Ocean Energy (Adopted from IRENA, 2014).

A BNEF Report in 2016 analyze the technology levelized cost of electricity (LCOE) to
delivers the big challenge in ocean energy compared to the other source of
renewables. Figure 18 illustrates that the extremely high cost of ocean energy is
mainly in wave and tidal technology and very few existing projects in ocean energy.
For example, if we pick solar PV on US$122/MWh and onshore wind on US$83/MWh
compared to wave energy on approximately US$500/MWh and tidal energy on
US$440/MWh, it still has a big gap of LCOE between each of them (BNEF, 2016).
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Figure 18 LCOE of Renewable Energy (BNEF, 2015)

Since the BNEF report did not include the OTEC, a review by Kempener and Neumann
(2014) was used to identify the LCOE for a small-scale OTEC plant (<10MW), with the
result between the range of US$190/MWh and US$940/MWh. However, if the OTEC
plant scaled up to 50-400MW, the price would fall in a range between US$70/MWh
and US$320/MWh. These high costs explained the immaturity of ocean energy
technology as the electricity generator. Further research and development in each
technology will be expected in the near future to reduce the high cost (Kempener &
Neumann, 2014).
The high uncertainty of ocean energy LCOE is caused by the limited empirical cost
data. The ocean energy technology deployment is not that much and most of the
prototypes were only tested in water for a period of time (1-2 years). Thus, the
operational data of ocean energy is scarce. Moreover, the limited commercial
deployment makes it lack real data for operation and management. Important LCOE
drivers such as life design and capacity factor are still not fully understood. Second,
the various options in project cost strategies. Developers do not have any
convergence design. Some of them are made with high complexity and high yield,
while others are made simpler and cheaper with low yield. Last is the cost of ocean
energy technologies considered as very site-specific and will give the different overall
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impact of LCOE between site to site. Table 1 describes the effect of these three points
on ocean energy technologies (IRENA, 2014). The current high LCOE and the
uncertainty of this energy means that ocean energy cannot compete in the market
without public sector intervention (SI Ocean, 2013).
Table 1 LCOE Driver (Adopted from IRENA, 2014)

Driver of LCOE Uncertainty
Tech Type

Limited Empirical
Data

Variety of Cost
Strategy

Site Specific
Factors

Tidal Current
Turbine
WEC
OTEC Devices
Major Driver

Medium Driver

Minor Driver

3.2.2. Economic Growth
A study from Carbon Trust (2011) explain that the ocean energy sector will have a
potential global market value. In the high scenario between tidal and wave energy
the global market could be increased to £460bn in period the 2010-2050, and in 2050
it would be £40bn per annum. However, it will not be equally distributed globally.
Based on IEA’s OES agreement, if the ocean energy development is on track of
748GW by 2050, it will open approximately 160,000 direct jobs by 2030 (OES, 2011).
The added value will be much enjoyed by the country that has a great manufacturing
industry of ocean energy devices. From this scenario the UK could take advantage of
£76bn or 22% of the market. It happened because the UK is still the leading
manufacturing industry and it will contribute £15bn to their GDP. One study
estimated it could create more than 68,000 jobs from ocean energy in 2050 (Carbon
Trust, 2011). Based on this discussion, it triggered an idea to not only try to build the
power plant, but also how to build an ocean engineering industry that could boost up
the national economic growth.
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3.2.3. Policy and Regulations
Following the immaturity of ocean energy technologies compared to other makes the
development of ocean energy is slow as well. For pushing the innovation, the
research development cost is still lower than the like of solar, biofuels, and wind (PPP,
2014). The proportion of research in the ocean energy sector needs to be increased
and it is one of the big challenges that lead to the erosion in confidence in the
technology. The government policies do have a major impact on ocean energy
development, as the minimum act so far that resulted in the delay of
commercialization.
Some leading countries in ocean energy are the member-state of OES. They are
implementing a number of policies to support the development of ocean energy.
There are 5 policies initiated by the OES member-state listed below
i.

National Strategies for Ocean Energy: 9 of 25 countries have specific ocean
targets on their roadmaps. These roadmaps are planned to give the same
vision in the ocean energy sector involving the public and private sectors
(OES,2018).

ii.

R and D Funding Programs: This policy is intended to push the limit of
innovation in technology, typically using capital grants, incentives, or even
prizes, which will encourage fellow researcher or the industry to develop a
demonstrating project. Wave Energy Prize by the US Department of Energy
held a public prize competition with the prize amount of up to US $2.25
million. These 18 months’ event triggered the contestants to develop a wave
energy converter that could reduce the cost. Over 90 contestants joined and
tried to surpass the threshold of doubling the energy capture per structural
cost to win the competition. The second example is the Wave Energy
Scotland, a research and development program in 2014. The aim of this
program was to develop a cost competitive wave energy converter In
Scotland. Up to 2017, it has supported 150 organizations in 56 projects worth
of £24.6 million (OES,2018).
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iii.

Market Deployment Policies: One of the most common policy already applied
within the OES member states as the Feed-in-Tariff (FIT), where the UK,
France, the Netherlands, Italy, Canada and Japan applied it. The UK used a
Contract for Difference, the US relied on tax incentives, Korea utilized
Tradable Renewable Energy Certificate, and so on. The aim of this scheme was
to promote the implementation of ocean energy technology (OES,2018).

iv.

Ocean Energy R&D Centre
The opening of research and development centre, with open water testing
and some practical laboratory to focus on specific areas for research, helps
countries to increase the know-how experience. It engages different
stakeholders and ensures collaboration with each other. The experiment
could be beneficial for device developers to exchange information and find a
breakthrough together. One of the best examples is South East Asian
Collaboration for Ocean Renewable Energy (SEAcORE), a technical working
group that collaborates-together and has become a platform for exchange
information between researchers, the industry, and governments within
South East Asia (OES,2018).

v.

Other Policies: There are also several policies worth mentioning, such as
Marine Spatial Planning (MSP) to coordinate between management of ocean
resources and the environmental impact of ocean energy. The next is one stop
shop to simplify the authorization process and remove excessive
administration. Then, ocean testing facilities tried to develop different scales
providing a grid infrastructure (OES,2018).

These are several policies already adopted and it should be a great example to be
followed by other countries that have the potential and willing to develop ocean
energy. Unlocking policy barriers will open up to other opportunities to tackle other
problems.
3.3. Environmental Impact of Ocean Energy
Installation of ocean energy technology can bring significant benefits to the
environment in displacing the carbon emission from power generation. However, the

32

deployment and energy production have their own environmental risk that needs to
be identified. The focus on this part is on the impact on biodiversity resulting from
collisions, underwater noise, Electromagnetic Field (EMF), and physical structure, in
addition the impact on the climate change will be completed in the following
discussion.
3.3.1. Biodiversity
The biodiversity aspect discussed mainly the interaction between the ocean structure
with the marine animals. There is a risk of animals colliding with the device. There is
no proof yet regarding the impact. Three years’ monitoring has been conducted in
Stragford Lough, Northern Ireland and there are not any casualties from seals
collision. Graham Savidge from Queen University Belfast stated that there were a half
million of seal movements recorded, but so far turbines and seals avoid each other
(Attrill, 2012). However, it does not guarantee for the longer term and because
several similar cases of collisions could be a warning. The data reflected that in 2012
there were 573,000 bird lost in the US due to the collisions with wind turbines (ABC,
2012). It is a major concern in wind energy and it could be a major threat in the future
for ocean energy as well. Speed and design of the turbine will be a key factor to
prevent collisions. Marine mammals will tent to avoid bigger and slower turbines
(Attrill, 2012).
The avoidance of marine mammals could lead to a migration change of path. It was
a concern also in offshore wind farms. A Danish scientist claimed that Eider duck
migration is through the wind farms area with around 200,000 ducks annually. Based
on the research, the ducks took an extra 500 m flight in migration to avoid the wind
farms (Masden, 2010). Again, there are not any similar proof in ocean energy,
however, this might be the concern of the biodiversity impact.
Underwater noise from wave energy of tidal currents could have an influence on the
behavior of marine animals, such as whales, seals, sea turtle, dolphin and migratory
fish. Most of the noise from underwater devices could be only in the hearing range
of coastal marine animals. They mostly use the sound to communicate and any
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specific sound could distract their ability to perform communication (Clark et al.,
2009). There is still little evidence of underwater noise impact, but it is needed to
assess the noise and limit frequencies in sensitive wavelength. Similar with noise, the
device also emits Electromagnetic Fields (EMF). It is produced by the cables that
transfer electricity to the shore. Some marine organism could detect and use EMF,
for example sharks, stingrays, and bony fish. The proof of this impact has also been
considered. Therefore, wider impacts from offshore power cables should be taken
into account.
Next is the effect of physical structure of ocean energy to the habitat. The
construction in soft sediments could change the nature of the seabed as it often
replaces the soft sand with much harder material. Some offshore windfarms take
around 452m2 sediment habitat/turbine and cost 102m3 of water column/turbine
(Wilson et al., 2010). These numbers from offshore wind turbines could reflect well
to ocean energy since it will occupy larger space. Although there are some drawbacks
from physical structures, there are benefits worth considering. The underwater
piles/anchoring could provide artificial reef habitat. Moreover, it will increase the
production and diversity of local habitat because there is a 60 time increase of
available food biomass in ocean structures of offshore windfarms (Attrill, 2007). It is
also supported by the fact that physical structures can boost fisheries. Langhammer
and Wilhelmsson (2009) stated that there is a 4 time increase in the crab population
within the holes provided by the ocean structure. The engineering sector is
integrated with the environmental concern to raise the fishery gain.
The negative impact of renewable energy installment could be harmful for the
environment and biodiversity. A precautionary approach is needed pre- and postdeployment to gather all the necessary data for complete assessment. That is why
the pre-commercial deployment is needed to give the opportunity of learning by
doing while monitoring all the aspects including the environment. Ocean energy
developers should prove that the risks have been mitigated. In addition, the
government should do a spatial planning regarding the distinguished location for
ocean energy. It should not be disturbed by the MPA or any other place that have an
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interest in the ocean such as fishing, shipping, and tourism because ocean energy will
compete with other user of the sea.
3.3.2. Climate Change
Implementing ocean energy for electricity generation could be the mitigation for
climate change. The level of carbon saving will be the important parameter in
addition to LCOE and load factor for the future development. Until now, there are
not any available data for the exact carbon savings from specific ocean technologies.
The data from IEA (2015) illustrate that ocean energy is categorized in other types of
renewable energy and could deliver 2% of the GHG emission reduction to prevent
the rise of temperature to 2°C up to 2050.
Some studies focused on this specific impact where the life cycle analysis of ocean
energy offers a complete picture of the emissions. A study from Lewis et al. (2011)
reveals that emissions from wave and tidal energy are less than 23 g CO2eq/KWh,
with an estimated median of around 8 g CO2eq/KWh.
Further analysis of the life cycle is needed to reveal the net emissions of ocean energy
technology to show that ocean energy technologies have lower emission than fossil
fuel-based energy. A study from Uihlein in 2015 illustrates the Global Warning
Potential (GWP) according to the life cycle step as depict in Figure 19. This figure
modelled each of ocean energy technology compared to its contribution to global
warming and derived it from each phase. The highest phase with the GWP number is
during the mooring and foundations, and some parts have a huge contribution which
is in structural components. The use of a new materials and methods, which can
adapt to the climate, could reduce the total GWP of each technology.
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Figure 19 Global Warming Potential According to Life Cycle Step (Uihlein, 2015)

3.4. Social Impact of Ocean Energy
In this sub-chapter ocean energy will be discussed from the human related point of
view. The chapter will be divided into three parts of the energy security aspect, job
creation, and public acceptability.
3.4.1. Energy Security
The socio-economic perspective endorses the view that energy security is one reason
why renewable energy, including ocean energy is needed. The intermittency and
forecasting a profile of ocean energy has currently been analysed. Wave energy is
considered similar to wind for being stochastic resource cannot be predicted over a
long time period and high accuracy occurs one week in advance (OES, 2011). For tidal
current energy is periodic and could be easier to predict with high accuracy over a
long time period. The variability is high on an hourly basis due to the nature of diurnal
and semi-diurnal tide. In difference with OTEC, it represents a low variability in
tropical climates as the temperature change is considered not much (Uihlein &
Magagna, 2015).
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Intermittency of renewable electricity is very important in terms of energy addition
to the grid. The renewables could be the complementary energy that could flatten
out the load and improve the synchronicity of electricity supply and demand.
Synchronicity is the key as the variable peak of different forms of energy must
coincide. If it does not synchronize at one time, the grid can come under pressure
due to the increased electricity load and disturb the integrity of the grid, while in one
time the grid could face the lowest output and result in a blackout (Uihlein &
Magagna, 2015).
Ocean energy is not only capable of generating electricity. Many opportunities could
occur from harnessing this energy. As discussed before in the OTEC potential concept,
OTEC could reuse their waste water to produce fresh water and also for cooling.
There are 2 technologies that could come up alongside the OTEC plant. The first is
Sea Water Reverse Osmosis (SWRO), a technology that filters the cold water from the
oceans using high capacity pumps, which are pushed through a layer of membranes
to create freshwater. The second is Sea Water Air Conditioning (SWAC), a technology
that uses the cold water from the depth to provide cooling to coastal buildings and
communities. The cold water is pumped to heat the exchanger that will generate cold
water and transfer it to the closed circuit to other facilities (Bardot Ocean, 2018).
These technologies alongside OTEC could be a complete package to answer the
problem of energy in remote island areas, not only energy for electricity but also for
freshwater supply and cooling to the buildings.
3.4.2. Job Creation
Another benefit utilizing renewable energy sources is job creation. Setting up a new
installation, such as a huge power plant will trigger new job opportunities which
seems promising as the trend continues to increase by more affordable renewable
energy technology and developed policy frameworks. A study by Carragher (2013)
shows that the investment of Solar PV yields 8 times more jobs per unit energy than
the fossil fuel. This employment rate increases because the renewable energy
production is more labor intensive and it requires less imported technology.
Meanwhile the total number of renewable energy jobs rose but the other energy
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sector fell. A report from IRENA (2016) shows that in the US the renewable energy
jobs increased 6% and at the same time as the employment in fossil fuel (oil & gas)
decreased 18%. Up to now renewable energy has already created 9,823 jobs across
the EU in addition to China, the US, India, Bangladesh and Japan (IRENA, 2017).
In ocean energy the situation is not different. Ocean Energy Europe (OEE) launched a
projection by 2050 in wave and tidal energy as shown in Figure 20, which reveals that
there will be a lot of jobs either direct or indirect. For device supply and foundation
supply in tidal energy, it could reach 3.5 jobs/MW and in wave energy the device
supply category needs 4.5 jobs/MW (OEE, 2010).

Figure 20 Job Creation Per MW of Ocean Energy Installed Capacity by 2050

Ocean energy could extend the job creation to broader options since ocean energy
technology is mostly planned in remote areas with a scarce site of daily resources. It
could open up a huge opportunity for indirect jobs. For example, installing ocean
energy in remote islands. In addition to providing electricity, the local people could
take the opportunity to help the daily needs of the industry, such as food and
cleaning.
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3.4.3. Public Acceptability
Studies shows the public tend to support the ocean energy technology. There is no
evidence of any global survey, but the survey within 25 EU member states shows that
60% of the respondents agree to the use of ocean energy. In the UK, the survey was
conducted by the Department of Energy and Climate Change (DECC), who identified
that the support for both tidal and wave is about 73% higher than on-shore wind
(66%) and biomass (65%), and that they have the same number of off-shore wind
(73%), but lower than solar (80%). It is also far from the fossil fuel-based shale gas
(23%). Similar case studies were also done in the US, Canada, and Portugal (DECC,
2015).
Public acceptability for ocean energy looks quite strong at present. Although
according to Mofor et al. (2014), the public acceptability is likely strong because there
is still a minimum amount of deployment. As the development increases, people’s
awareness will be built and at some points there will be growing concern about the
social and environmental impacts of the technologies.
3.5. Infrastructure Practicalities
Ocean Energy infrastructure and its development brings an economic opportunity for
remote coastal communities and the development of a supply chain. The challenges
addressed in this part will bridge between the technical concepts of the commercial
implementation. In the prototype stage, the infrastructural challenge is manageable
due to the test period where the company could provide key infrastructures.
However, once this technology progress in a long-term is outside the test centre, the
infrastructure could be a big constrain. These challenges happen in most markets. At
this level, the challenges are divided mainly by two, the grid access and the supply
chain of the technology.
The grid connection is the important key for the commercialization of ocean energy.
The grid challenges come when the energy resource is far from the major load centre
and on the edge of the electricity system causing grid access cost and delay. The most
publicized example is in Scotland due to the remote sites of tidal and wave arrays.
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The developers are afraid that there is not any sufficient-grid capacity, and it will
cause long delays in providing connection for the projects. This drawback pushed the
UK government to compensate the cost through the uplift in per MWh payments.
However, the plan was canceled due to the slower progress of commercial
deployment (Renewable UK, 2013). This challenge should not happen in all countries
because it depends on who bears the cost of connection. Moreover, the location
plays a big part. For countries like the Netherlands, the US and Norway, the ocean
energy resource is closer to the main grid or load centres. Therefore, it would not be
a barrier, even if it will be an advantage because the ocean energy could support the
main grid and it would be a supporting reason to deploy ocean energy.
The second challenge is the supply chain to support the infrastructure. Even if there
are several projects already at a pre-commercial stage, the supply chain is relatively
undeveloped. There is often a lack in port facilities and vessels and it would be a big
problem to deploy them in remote areas. Delivering ocean energy arrays is not an
easy task because it requires a large number of stakeholders as shown in Figure 21.

Figure 21 Supply Chain Scheme of Ocean Energy (WEC, 2016)

The supply chain is still under developed and it lacks capacity to scale up to gain the
economies of scale and press down the LCOE. There are already many industries
indulging in ocean energy device manufacturers, but most of them cannot fulfil the
demand to scale up the production and limited capabilities preventing them to do
mass production (Mofor et al., 2014). Even so, the ocean technologies have a specific
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supply chain for each type or resources. It makes the supply chain very much complex
with high diversity. Thus, there will be technology specific supply chains expected in
the near future.
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4. Feasibility Study of Ocean Energy Technology in Indonesia
In this chapter ocean energy will be discussed, specifically in Indonesia. As described
in the first chapter, Indonesia has a determination to reach the independency of
energy and maintain the energy security throughout the nation, as regulated in the
Presidential Decree number 22 2017 which described the RUEN. This policy set
several strategies to utilize the energy efficiency and energy resources diversification
through the increase of 23% renewable energy percentage in Indonesia energy mix
up to 2025, as illustrate in Figure 22. This figure delivers a detailed target on energy
mix, for 23% of renewable energy equals 92,2 MTOE and 69,2 MTOE comes in
electricity generation up to 45GW totals. Ocean energy contributes in the Other
Renewable part for 3.1%. Although it is a small number of percentages compared
with other resources, ocean energy contains the biggest potential. Thus, the
government is willing to make a great leap of development to harness the abundant
potential.

Figure 22 Indonesia Future Energy Mix in 2025 (Adopted from ESDM, 2017b)

4.1. Ocean Energy Potential in Indonesia
ESDM as the Ministry of Energy and Natural Resources and PPPGL as the research
centre for marine geology have been actively doing a great deal of research and
surveys regarding the development of ocean energy potential in a number of
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locations within Indonesia. These surveys will be analyzed to recalculate the current
estimated potential of ocean energy and contribute to national resource mapping.
Presidential Decree number 22 2017 about the RUEN includes the latest ocean
energy mapping in 6 potential provinces, as shown in Table 2. Theoretical resource
potential means annual average amount of physical energy (hypothetically available),
technical resource potential means a portion of theoretical resource that can be
captured using specific technology, meanwhile practical resource potential defines a
part of technical resource that is available when other constrains (economic,
regulatory, and environmental considerations) are factored in.
Table 2 Ocean Energy Potential in several Provinces (ESDM 2017b)

Provinces
West Nusa Tenggara
Riau Islands
West Java & Lampung
West Papua
East Nusa Tenggara
Bali
Total

Theoretical
138,308
96,432
36,367
6,261
5,335
5,119
287,822

Potential (MW)
Technical
34,577
24,108
9,092
1,565
1,334
1,280
71,955

Practical
8,644
6,207
2,273
391
333
320
17,989

This data set is the result of research and surveys from other stakeholders, for
instance the Indonesian Ocean Energy Association (ASELI), the Agency for the
Assessment

and

Application

of

Technology

(BPPT),

the

Meteorological,

Climatological, and Geophysical Agency (BMKG), the Sepuluh Nopember Institute of
Technology (ITS), and the Bandung Institute of Technology (ITB). This data
complimented the previous general data launched in 2014 about the estimated
ocean energy potential, which measured with the theoretical potential, technical
potential, and practical potential. Table 3 shows the calculation for the ocean energy
estimated potential from 2014 data.
Table 3 Ocean Energy National Potential (ASELI on ESDM, 2017c)

Type
Wave
Tidal Current
Ocean Thermal

Theoretical (MW)
141,472
287,822
4,247,389
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Technical (MW)
7,985
71,955
136,669

Practical (MW)
1,995
17,989
41,001

Total

4,676,683

216,609

60,985

PPPGL is the main institution to do the resource mapping of ocean energy potential
in Indonesia. Up to 2016 there are 13 straits measured and analysed for the tidal
current potential. This data set, shown in Table 4, added to the resource mapping in
order to boost the business and development of ocean energy in terms of site
selection. Moreover, the calculation served has only in theoretical, technical, and
practical wise of the potential. To put it on the next level of implementation, a
thorough feasibility study including the techno-economic calculation of the
investment is needed. Then the assessment and resource mapping of ocean energy
should be scheduled periodically to give an update and full overview of ocean energy.
Table 4 Tidal Current Resource Data in 13 Straits of Indonesia (ESDM, 2017c)
Potential
Straits

Theoritical (kW)

Technical (kW)

Practical (kW)

Min

Max

Min

Max

Min

Max

Riau

9,190.31

228,029.35

3,676.13

91,211.74

1,286.64

31,924.11

Sunda

21,006.43

1,769,154.60

8,402.57

707,661.84

2,940.90

247,681.64

Toyapakeh.
Nusa Penida

2,316.88

289,610.59

926.75

115,844.24

324.36

40,545.48

Lombok

28,719.73

1,931,506.17

11,487.89

772,602.47

4,020.76

270,410.86

Alas

34,463.68

3,891,364.03

13785.47

1,556,545.61

4,824.91

544,790.96

Molo

835.16

165,774.73

334.06

66,309.89

116.92

23,208.46

Larantuka

861.59

198,141.01

344.64

79,256.41

120.62

27,739.74

Boleng

3,101.73

584,555.44

1,240.69

233,822.17

434.24

81,837.76

Pantar

13,785.47

1,572,703.40

5,514.19

629,081.36

1,929.97

220,178.48

Mansuar

1,680.73

44,627.59

672.29

17,851.04

235.30

6,247.86

Lirung. Talaud

2,067.82

51,306.60

827.13

20,522.64

289.49

7,182.92

Sugi. Riau

171.16

1,510.86

68.47

604.34

23.96

211.52

Lampa. Natuna

280.83

2,726.64

112.33

1,090.65

39.32

381.73

118,481.54

10,731,011.01

47,392.62

4,292,404.40

16,587.42

1,502,341.54

Total
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RUEN summarized that in objection to achieving the national development of wave
energy, tidal current energy, and ocean thermal for power plant, there are three
points that need to be addressed.
i.

Survey and resource mapping for wave, tidal, and ocean thermals in other
parts of Indonesia where there is no ocean energy potential data.

ii. Feasibility study for region/province that has already the potential data. The
study includes the techno-economic analysis of the power plant from wave,
tidal current, and ocean thermal.
iii. Set some policies to boost the industries and business of ocean energy
4.2. Existing Project and Future Development of Ocean Energy
Even though Indonesia has abundant resources of ocean energy, the implementation
is still in the research and test phase held by several agencies and universities. The
progress comes mostly from the tidal currents due to the maturity of the technology
as explained in Figure 16, and the site selection possibilities. For wave energy and
ocean thermals there is not any pilot project or on-site test yet, but several laboratory
phases have already been conducted and quite a few numbers of feasibility studies
at universities level cover the calculation from the ocean parameter data collection.
One of the earliest progresses is the tidal current power plant test in the Nusa Penida
Strait, Bali conducted by PPPGL, ESDM, and ITB in 2008. The electricity produced from
this research is still quite low due to the installation being placed not according to the
recommended coordinate with the greater magnitude of current. The specific
installation of a tidal turbine is considered not site specific to Nusa Penida as well. In
pursuance of maximizing the big potential of tidal currents in Indonesia, research and
development in this matter are mandatory. Since 2007, BPPT with their Indonesia
Hydrodynamic Laboratory have studied the tidal current devices. They created a
small scale tidal current energy device and their first model used a vertical-axis
turbine with 3 blades and 0.4 solidity, the Darrieus Turbine type H, as displayed in
Figure 25. This vertical turbine was easily made and most of the components were
locally made. The experiment was carried out in the Towing Tank of Indonesian
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Hydrodynamics Laboratory. The small-scale model is towed with various speed and
the torque and rotation rate of the turbine was analysed. Moreover, the duct was
also towed with a towing carriage with various speed. All of these experiments gave
a real figure of the working system of the prototype as shown in Figures 23 and 24
(Erwandi, 2011).

Figure 23 Duct Perfomance in Towing Tank (BPPT, 2011)

Figure 25 Darrieus Turbine Manufactured (BPPT, 2011)

Figure 24 Tested with 2.8 m/s and 121 rpm (BPPT, 2011)

After laboratory tests, the experiment went to field trial. The first trial was conducted
in 2009 in the Larantuka Strait. The turbine was put in the centre supported by the
floating pontoons and moored with four anchors, as represent in Figure 26. For
electricity power, they used a 3.5KW generator and the AC power output from the
generator was converted to DC power. It was converted again to stabilize AC through
the 2KW inverter. The prototype was located around 100 m from the coast. It worked
well and could lit up of a total 1.9KW lamps. Since then, further development and
trials were conducted to unveil the very best technology viable (Erwandi, 2011).
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Figure 26 Tidal Current Energy Prototype tested in Larantuka Strait (BPPT, 2011)

In terms of future development, the Indonesian government plans to develop a tidal
current power plant in the Larantuka Strait, and they are willing to combine the
technology alongside the construction of the Pancasila-Palmerah Bridge. The bridge
length reaches 810 meter, connecting Adonara Island and Flores Island in the NTT
province, and 5 turbines with the total energy generated up to 30MW will be placed
under the bridge. Thus, the Tidal Bridge project could be one of the biggest tidal
current power plants in the world (ESDM, 2018a). The Larantuka Strait has been
chosen as the perfect spot for trial because it is not a shipping route and it has a
suitable depth of 30 m on average. The study used computational fluid dynamic, to
create a model based on the oceanographic profile of the location and the model
helps to justify the best point location to install this technology (Erwandi, 2011). The
Tidal Bridge in the Larantuka Strait is a national governmental project alongside a
Consortium from the Netherlands, Tidal Bridge BV. A joint venture between this
company and the State Electricity Company (PLN), as the state electricity supplier,
has been made and the MoU signed to start a thorough feasibility study before the
construction begins (ESDM, 2018b).
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4.3. Case Study: Ocean Energy for Electricity Generation of East Nusa Tenggara
Province Indonesia
Indonesia tries to exploit the ocean energy especially in Lesser Sunda Islands, the
Eastern Nusa Tenggara Province (NTT) and the Western Nusa Tenggara Province
(NTB). Even though these islands are brimming with ocean energy resources, they
are highlighted due to the low electricity ratio especially in NTT which rated 61.02%,
the lowest ratio alongside the Papua Province. Meanwhile the neighbour Islands of
NTB already have a satisfactory amount of 86.40% ratio (ESDM, 2018b). Therefore,
the case study will be focused on applying ocean energy in Eastern Nusa Tenggara.
4.3.1. East Nusa Tenggara Resources Potential
NTT was chosen as the case study location also because of the abundant number of
ocean energy resources they have. The tidal current resource is shown in Figure 27,
a similar picture with Figure 7, taken from IRENA through their Global Atlas for
Renewable Energy map of tidal current potential using NOVELTIS with 7 km
resolution. Figure 27 shows some straits between islands highlighted in red. In
addition, PPPGL monitored the tidal current during 2006-2012, and the minimum
range is 1.5 m/s and the maximum is 3.4% with an average of 2.45 m/s (PPPGL on
Saragih, 2012).

48

Figure 27 IRENA global tidal current ma of NTT (IRENA, 2018)

In line with Achiruddin (2011), wave energy can be harnessed in NTT because it has
a potential in a range of 10 KW/m – 15 KW/m. It does not have a big number for such
a potential compared to other parts of the world that could reach 60KW/m. However,
the specific technology could still manage to maximize this potential. In addition,
Achiruddin also concluded that in this location the thermal gradient could reach
within 5-10 km from the shoreline. NTT covered with ocean with a depth more than
1000 m and has the thermal gradient in a range of 22°C – 24°C. The potential of ocean
energy in NTT is summarized in Table 5.
Table 5 Summary of NTT Potential (Achiruddin, 2011; Saragih, 2012)

Resources
Wave
Tidal Current

Ocean Thermal

Site Potential
Wave Energy Potential:
10 kW/m – 15 kW/m
Range of Max and Min speed:
1.5 m/s - 3.4 m/s
Average speed of current:
2.45 m/s
Potential electricity resulted
3.1654 kW
Average temperature differences:
22°C – 24°C
Distance from shore to 1000 m depth:
5-10 km
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One of the case study limitations in this research is the exact location for the structure
which is not included due to the limited resource data. Hence, with a thorough
analysis of resource mapping, an exact coordinate can be set, where the maximum
potential could be utilized.
4.3.2. Ocean Energy Technology Scenario
In this part, three different technologies will be set as scenarios to be chosen for
ocean energy investment planned to start in 2018. Wave energy converter, tidal
turbine, and OTEC technology will be derived below for each of scenario. Meanwhile
the cost breakdown including the capex and opex of the technology will serve as the
input for the investment and project appraisal calculation. The scenario explained is
with single different technology for each and this study does not consider the hybrid
generation for supporting the grid due to the limitation of technology data and
system.
i.

The first scenario is for 1MW of Pelamis P1 as the wave energy converter;
usually Pelamis has 750KW rating, but it could be upscaled to 1MW. Since
there is not any such wave energy converter tested in Indonesian waters yet,
Pelamis P1 is one of the mature technologies that has already been deployed
in many countries as pilot project. It is selected for the first scenario and could
act as the pilot project in Indonesia. Pelamis is the attenuator type of wave
energy converter (see Figure 2), including the working principle. It is designed
to be moored in waters with 50 – 70m in depth and typically 5 – 10km from
the shore line. The device is 180m long, with 4 m in diameter and weighs
approximately 1350 tonnes. Pelamis could generate wave energy according
to NTT resource potential of 10-15KW/m. According to O’Connor (2013), the
first phase was applied in Ireland. The 1MW of Pelamis could generate 2.4
GWh/year up to 3.6GWh/year. In addition, Table 6 illustrates the simple cost
breakdown of Pelamis P1 technologies to help calculate the investment
viability later on. Only a general overview of cost breakdown could be
presented due to the limitation of the source.
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Table 6 Pelamis P1 Cost Breakdown (O’Connor, 2013; SeaPower 2018)

Units
PTO (Mech & Eng)
Concrete Structure
Mooring
Deployment
Decommissioning
Other Cost
O&M cost

Cost
$2,189,600.00
$450,800.00
$354,200.00
$128,800.00
$64,400.00
$32,200.00
$96,600.00

ii. The second scenario, Tidal Turbine 1MW was set to be deployed in NTT
waters especially in the Larantuka Strait as the best possible resources
location. The Gorlov helical turbine by the T-Files company based in Indonesia
was selected for this study. The Gorlov helical turbine is the vertical-axis
turbine with a s small scale structure for 1 x 1.2 m shape and each turbine
rated 10 KW. It will be put into arrays of tidal turbine farms up to 1 MW in the
Larantuka Strait. The cut-in speed of the Gorlov turbine is 0.5m/s, which
means it is more than suitable for the Larantuka Strait, which has an average
current speed of 2.45m/s. The technology was already tried out in Indonesian
waters for a test case in Nusa Penida, Bali. It is considered working and could
be further developed by Indonesian industries. The study from Setiawan and
Sumirat (2013) stated that the Gorlov turbine that has been tested could
generate electricity up to 4.38 GW per year. In case of the economic
calculation Table 7 shows the general cost of this project from capex and opex
for applying the Gorlov helical turbine.

Figure 28 Gorlov Helical Turbine (T-Files on Setiawan and Surimat, 2013
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Table 7 Tidal Current Turbine Cost Breakdown (T-Files on Setiawan and Sumirat, 2013)

Units
Feasibility Study
Development
Engineering
Power System
Balance of system
O&M cost

Cost
$500,000.00
$198,500.00
$55,100.00
$1,770,000.00
$1,842,930.00
$88,132.00

iii. The last technology considered for the scenario is OTEC. Similar to wave
energy, there is not any pilot project yet for OTEC. Even worse, there is not
any research about OTEC devices so far. For small scale implementation the
data is also limited. Most studies using a calculation for bigger scale is not
suitable for investment in Indonesian islands. This study will take a reference
from WEC (2016), about a 100KW small scale OTEC for the pilot project or the
first phase of pre-commercial array. Table 8 from WEC gives a general cost for
applying 100KW of OTEC.
Table 8 OTEC Cost Breakdown for 100 KW technology (WEC, 2016)

Units
Capex / Initial Cost
O&M Cost

Cost
$2,500,000.00
$80,000.00

4.4. Ocean Energy Project Appraisal
Economic viability of the project investment is discussed in this sub-chapter, starting
from the NPV calculation, Payback Period, IRR rate, and LCOE calculation for the
project appraisal. First a number of inputs and limitations / assumptions will be
addressed.
4.4.1. Input and Limitation
i.

The project investment is set to begin in 2018 and it is assumed that the
technology cost from each technology is still in the same range even though
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the data comes from several years back. Table 6 – 8 were used in the
calculation for each scenario as the input.
ii. The discount rate of 12% for ocean energy technology is considered for every
scenarios lifetime in about 20 years (SI Ocean, 2013). In addition, the inflation
is included, at 3.5% of the inflation selected in accordance with Bank
Indonesia expectation in 2018 (Bank Indonesia, 2018).
iii. The exchange rate from USD to IDR affects the investment project with the
2018 exchange rate for national infrastructure set in Rp 13,500,00 by the
Ministry of Finance (Kemenkeu, 2018).
iv. According to Setiawan and Sumirat (2013), the electricity export rate was set
at 0.20 $/KWh and will be sold to the State Electricity Company. It assumed
that the price is the same in 2018, even the exchange rate from 2013 is
different with 2018. Meanwhile in NTT the cost of electricity bills up to 2017
reached 0.11 $/KWh within all provinces (PLN, 2018).
v. The Monte-Carlo simulation was added on this part with the Crystal Ball
running the simulation. NPV and IRR calculations forecasted using a 100,000
times trial. The consistency of the result and the sensitivity analysis will be
taken into account along with the sensitivity analysis. Electricity exported to
the grid, electricity export rate, and discount rate will be the input in the
Crystal Ball assumption using normal distribution.
4.4.2. Net Present Value (NPV)
The NPV calculation will help the project investment to analyse the profitability. NPV
is calculated with the difference between the initial cost and the discounted cash
flow. The formula is given as follows:
𝑇

𝑁𝑃𝑉 = ∑
𝑡=1

𝐶𝑡
− 𝐶0
(1 + 𝑟)𝑡

Ct: net cash flow of the period
C0 : initial cost or investment
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r : discount rate
t : yearly period
The result gained after combining this formula with the Monte Carlo simulation on
the Crystal Ball with 100,000 trials, and this shows the mean NPV of the Pelamis P1 is
$568,096.59 and for the Tidal Turbine $3,381,870.99. Positive NPV determined that the
project could be continued. However, for the OTEC the result is negative NPV and the project
could not be continued as summarized in Figure 29.

NPV RESULT
$4,000,000.00

$3,248,032.56

$3,000,000.00
$2,000,000.00
$1,000,000.00

$504,802.14

$0.00
-$1,000,000.00
-$2,000,000.00
-$2,267,803.91

-$3,000,000.00
Pelamis 1 MW

Tidal Turbine 1 MW

OTEC 100KW

Figure 29 NPV Calculation Result

4.4.3. Internal Rate of Return (IRR)
IRR is the condition where the discount rate applied turns the NPV equal to zero.
Generally, the higher the IRR, the more attractive it is for the project to be carried
out. The IRR results from the formula as follows:
𝑇

𝑁𝑃𝑉 = ∑
𝑡=1

𝐶𝑡
− 𝐶0 = 0
(1 + 𝑟)𝑡

r = IRR
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The IRR calculation shown in Table ??? is based on the formula and the Crystal Ball
simulation of 100,000 trials. The IRR of Pelamis 1 MW reached 10% and 17% for the
Tidal Turbine 1 MW. These two technologies are considered feasible and profitable,
even though 10% for 20 years of lifetime is still quite low. Meanwhile the negativity
from OTEC NPV turns the IRR into negativity and it will not be good for the
investment.

IRR CALCULATION RESULT
20%

17%

15%
10%
10%
5%
0%
-5%
-10%
-12%

-15%
Pelamis 1 MW

Tidal Turbine 1 MW

OTEC 100KW

Figure 30 IRR Calculation Result

4.4.4. Payback Period Calculation
The payback period is one of the simplest methods of project appraisal. It represents
the amount of time to recover the capex or initial cost of the investment. The payback
period calculation formula is written as follows:
𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑃𝑒𝑟𝑖𝑜𝑑 =

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
𝐶𝑎𝑠ℎ 𝐹𝑙𝑜𝑤 𝑝𝑒𝑟 𝑃𝑒𝑟𝑖𝑜𝑑

The Payback period of OTEC technology will not be given due to the negative result
of NPV. Meanwhile, the Pelamis Wave Energy has a payback period of 14.7 years and
the Tidal Turbine o7.7 years. It can be concluded that the projects are good enough
to be implemented, and the Tidal Turbine turns to be the better choice in the payback
period time.
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4.4.5. Levelized Cost of Energy (LCOE)
The levelized cost of energy could be determined by using the formula from IRENA
(2012) as follows:
𝐿𝐶𝑂𝐸 =

𝐼𝑡+𝑀𝑡
(1+𝑟)^𝑡
𝐸𝑡
∑𝑛
𝑡=1(1+𝑟)^𝑡

∑𝑛
𝑡=1

It: Investment in year t
Mt: O&M cost, salvage, and replacement costs in year t
Et: Electricity generation in year t
r: Discount Rate
n: lifespan of the system
LCOE equation can be simplified into following equation
𝐿𝐶𝑂𝐸 =

𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡𝑠 ($)
𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑇𝑜𝑡𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑂𝑣𝑒𝑟 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 (𝑀𝑊ℎ)

Based on the formula, the LCOE of the Pelamis 1MW is 146.97 $/MWh, 69.97 $/MWh
for the Tidal Turbine 1MW, and 295 $/MWh for OTEC. The LCOE of OTEC is considered
to be very expensive to be applied and it would not worth for investment.
Furthermore, for the Pelamis 1 MW it is still quite expensive but still on the margin
of fossil fuel LCOE range taken from IRENA (2018) as display on Figure 31, which
comes from the fossil fuel type that was applied as the current source of electricity
in NTT. Only the Tidal Turbine 1MW resulted in a very competitive result of LCOE for
the project investment lies on the minimum range of the fossil fuel LCOE range.
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Figure 31 LCOE Calculation Result

4.4.6. Discussion
In accordance with the result of the project appraisal, two projects of the Tidal
Turbine 1 MW and the Pelamis 1 MW are categorized as feasible rather than the
OTEC 100KW. However, the Tidal Turbine 1MW development in Indonesia will be the
most feasible project due to the highest NPV, IRR, and lower payback period
compared to the OTEC 100KW or the Pelamis 1MW. The LCOE of the Tidal Turbine
1MW was also considered to be competitive between the minimum of the fuel LCOE
range (see Table 9).
Table 9 Project Appraisal Calculation Result Summary

Parameters

Pelamis 1MW

Tidal Turbine 1MW

OTEC 100KW

NPV

$568,096.59

$3,381,870.99

-$2,267,803.91

IRR

10%

17%

-12%

14.69 years

7.7 years

-

146.97

69.97

295.60

Payback Period
LCOE
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NPV result depends on the adopted discount rate. The Figure plotted the Pelamis
1MW and Tidal Turbine 1MW NPV and their relation to the variety of discount rate
including the IRR discount rate to determine the fischer rate for both projects. Fischer
rate allows us to identify which project should be accepted for any given interest rate
without additional calculations, it is signed from the intersection between two
projects. Figure explain that the intersection occurs below zero. It means there are
no fischer rate so only one project could be selected, the Tidal Turbine 1 MW.

Figure 32 NPV vs Discount Rate to determine Fischer Rate
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Figure 33 Sensitivity Result from Crystal Ball Simulation

The sensitivity analysis in Figure 33 shows the most influencing factors of the two
feasible projects. For the Tidal Turbine 1MW, electricity exported held the key at
58.5%, followed by the electricity rate of 31.7% and discount rate of 9.8%. For the
Pelamis, the numbers are quite similar between the electricity exported and the
electricity rate of 47% and 46.9% respectively and followed by the discount rate of
6.1%.
Electricity exported to the grid is related to the specific technology to harness the
energy. A research development and innovation will bring better technology that
could generate more energy from least resources. Moreover, the advance technology
will also cause the LCOE to go down. In terms of electricity rate, the exchange rate of
currency will affect a lot. For example, in 2018 the exchange rate of US$ is in Rp
13,500,00, while during 2012 it was only Rp 9,800,00. These considerable differences
will give a flexibility to the State Electricity Company to control and set the electricity
bill. A lower exchange rate means more income towards the company and lower
payback period and higher NPV. If the feasibility of the project appraisal increases, it
will also attract more investors and higher chance to implement the ocean energy
technology in NTT.
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4.5. Environmental and Social Impact
In keeping with Paris Agreement, Indonesia uploaded their First Nationally
Determined Contribution on November 2016. It stated there, that the national GHG
emissions was 1,453 GtCO2e in 2012, which reflects an increase of 0.452 GtCO2e
from 2000. The main contributing sectors is peat fires (47.8%) and energy production
mainly generated from fossil fuels (34.9%). Indonesia is committed to make an effort
to reduce the emissions by 26%, and one of the plans is to implement renewable
energy at least 23% in 2025 and 31% in 2050; reduce the utility of oil less than 25%
in 2050 and less than 20% in 2050; reduce coal up to minimum 30% in 2025 and 25%
in 2050; then reduce of gas to a minimum of 22% in 2025 and a minimum of 24% in
2050 (UNFCCC, 2016).
Ocean energy technology will undoubtedly have several impacts on the
environmental and social aspects of the NTT province. The existing power plant in
NTT is still dominated by diesel power and coal for more than 90%. There are 413
diesel power electricity generators rated at a total of 106MW and 2 coal-based
electricity generators rated at a total of 23.5MW (PLN, 2018). There is not any data
yet about the amount of emission emitted from the specific diesel power or coal
power plants in NTT. Nonetheless, based on the data from Greenpeace (2015), a coalbased power plant is the big contributor to emissions (PM 2.5, Mercury, CO2, SO2,
and NOx), which caused early age death, acid rain, and global warming.
It is also stated the water scarcity beside the area of the power plant is quite an issue.
Ocean energy and other types of renewable energy are targeted in NTT and are
expected to reduce the dependency of the coal and diesel power plant and reduce
pollution. For the biodiversity and water quality impact, ocean energy should be
studied in a thorough manner because installing such a structure and devices could
bring negative and positive impacts at the same time. The pilot project trial will give
the best overview to measure the environmental matters before continuing to the
commercial phase.
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In the social aspect, ocean energy is ideal for the remote and archipelagic area of
NTT. ESDM stated in their report in 2017 that there are opportunities to develop
ocean energy in this kind of area because most of the potential ocean area lies within
the low electricity ratio province. Moreover, there is possibility of increase in the
economic sector of this area because of the maritime industry development,
investment cooperation between several stakeholders, and technology transfer with
other sector like fisheries or tourism (ESDM, 2017). As a consequence, the job
creation will also improve, as shown in Figure 20, where the figures reveal that there
will be a lot of jobs either direct or indirect. For device supply and foundation supply
in tidal energy, it could reach 3.5 jobs/MW and in wave energy the device supply
category needs 4.5 jobs/MW (OEE, 2010). Furthermore, for the daily basis of the
industrial area, the ocean energy power plant could absorb the labor from local
communities. It will increase the public acceptability of the project investment.
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5. Conclusion
The aim of this study was to explore the possibility of harnessing the immense
potential of ocean energy. The ocean energy potential and the working principle of
each technology have been carried out, where many countries from all over the world
are willing to utilize ocean energy sources to supply their energy demand. However,
these technologies are still in the early stage of development. Even for the most
mature technology of tidal currents and ocean waves that are still facing substantial
barriers, starting from the level of maturity of each technology, economic and market
limitation, plus the environmental and social impact.
For Indonesia, in order to boost the renewable energy contribution to the national
energy mix and reduce the dependency of using fossil fuel, the possibility of
developing ocean energy has been explored in this study. The abundant potential of
ocean energy in Indonesia along with the support from the RUEN (National Energy
General Plan), Presidential Decree number 22 2017, was set to conduct three options
of technologies between ocean wave, tidal current, and ocean thermals in a specific
remote archipelagic area. East Nusa Tenggara (NTT) was chosen as the site location
due to the lowest electrification ratio in Indonesia and because the site location is
adequate for each of the resources.
The feasibility study from three scenarios between the Pelamis 1 MW, the Gorlov
Tidal Turbine 1 MW, and the OTEC 100 KW, resulted in the Gorlov Tidal Turbine 1
MW as the most feasible project to develop. The Tidal Turbine has a positive NPV and
lower payback period compared to other scenarios. The higher percentage of IRR also
indicated that it is not a bad option to continue and the LCOE is still in the minimum
range of fossil fuel LCOE. The sensitivity analysis from the economic calculation
reveals that the most contributing aspect is the electricity export rate to the grid,
which is related to the technology advancement. In the near future a thorough
research and development could deliver a better technology that will produce more
energy even with the slightest amount of resources. The second most contributing
factor is the electricity bill which is reflected from the exchange rate of US$ to
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Indonesian Rupiah. A stronger Rupiah could attract more investors for this project
and give a better net income for the ocean energy technology company.
The analysis above regarding the ocean energy development in Indonesia addressed
that there are still several barriers and challenges needed to be overcome. The
resource mapping of Indonesia is still far from enough, where the data of ocean
energy potential should be explored further and routinely updated within some
period of time. Second, ocean energy technology in Indonesia is still at the research
stage and it is quite far behind for the commercial phase. Some pilot projects need
to be deployed first as the pre-commercial phase of the developing stage. Next, the
investment cost is considered quite expensive compared to other resources and it
has some limitation in the market. Fourth is about the availability of the grid system,
such like smart grid for the renewable energy. The inability from the State Electricity
Company to serve the interconnected grid that could create an intermittent system
should be considered. Last but not least, the supporting regulation and policy to
promote ocean energy development should be taken into account. The tax allowance
facilities for ocean energy industry, tax free import for equipment trading, or even
set a Feed-in-Tariff for ocean energy development just like in other developed
country could be some options.
All in all, the research and development of ocean energy should be carried on
progressively. In addition to the limitation, this study offered some holistic overview
of ocean energy from several main aspects and give a basic knowledge of
implementing ocean energy technology.
5.1. Further Study
This study mainly focused on technical knowledge and economic calculations for
investment project appraisal. This study could be complemented with the
perspective from different kinds of stakeholders. Other research methods, such as
interview and survey would be helpful in future research, not only asking the
researcher from related agencies but also obtaining feedback from the ocean energy
industry or even the technology manufacturer. Their insight could help to understand
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the problem and it could be reached by joining all the points of view from different
angles. Furthermore, environmental and social impacts undoubtedly need some
supporting data. It would better if we knew how much the fossil fuel-based power
plants emit in the case study location or data about how much damage is caused by
ocean technology structure based on the pilot project test.
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